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ABSTRACT
Based on the Chandra data archive as of March 2016, we have identified 314 candidate active galactic
nuclei in 719 galaxies located closer than 50 Mpc, among them late-type (Hubble types Sc and later)
galaxies that previously had been classified from optical observations as containing star-forming (H ii)
nuclei. These late-type galaxies comprise a valuable subsample to search for low-mass (. 106 M)
central black holes. For the sample as a whole, the overall dependence of the fraction of active nuclei
on galaxy type and nuclear spectral classification is consistent with previous results based on optical
surveys. We detect 51 X-ray cores among the 163 H ii nuclei and estimate that, very conservatively,
∼74% of them with luminosities above 1038 erg s−1 are not contaminated by X-ray binaries; the
fraction increases to ∼92% for X-ray cores with a luminosity of 1039 erg s−1 or higher. This allows us
to estimate a black hole occupation fraction of & 21% in these late-type, many bulgeless, galaxies.
Subject headings: galaxies: active — galaxies: nuclei — galaxies: Seyfert — X-rays: galaxies
1. INTRODUCTION
Nearby galaxies offer us the unique laboratories to
search for and study weak active galactic nuclei (AGNs),
including those emanating from low-mass central black
holes (MBH < 10
6 M). Although their formation mech-
anism is still poorly constrained, low-mass black holes
may have played a key role in forming supermassive black
holes (SMBHs) in the early universe. The early manifes-
tation of SMBHs at high redshifts (Mortlock et al. 2011;
Wu et al. 2015) requires the growth of these giants to
start with “seed” black holes that are significantly more
massive than stellar-mass black holes of typical mass
10 M(Volonteri 2010). Some of the seed black holes
may have survived until today and appear as low-mass
black holes lurking at the centers of low-mass (late-type
spiral and dwarf) galaxies (Volonteri et al. 2008; Greene
2012; Reines & Comastri 2016). Present-day low-mass
galaxies, to the extent that they have remained relatively
unevolved since their formation, are the optimal sites
to search for such relic seed black holes. Finding these
low-mass black holes, knowing their occupation fraction
in low-mass galaxies, and measuring their mass function
may help constrain their formation mechanism and dis-
tinguish between the two competing models: whether
they are Population III remnants (Heger et al. 2003) or
due to direct collapse (Haehnelt & Rees 1993).
According to the scaling relations between black hole
mass and host galaxy properties (Kormendy & Ho 2013),
the best place to unveil low-mass black holes is in late-
type bulgeless galaxies. Optical and X-ray searches have
been conducted in the past. Systematic searches for
low-mass black holes using the Sloan Digital Sky Sur-
vey uncovered several hundred new objects residing in
low-mass galaxies (Greene & Ho 2004, 2007; Dong et al.
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2012; Reines et al. 2013), but the statistical complete-
ness of these optical searches are difficult to quantify
(Greene & Ho 2009), as AGN samples selected by op-
tical emission lines tend to have black holes radiating
at moderate to high fractions of their Eddington limits.
On the contrary, X-ray observations, especially of high
resolution and high sensitivity afforded by the Chandra
Advanced CCD Imaging Spectrometer (ACIS; Weisskopf
et al. 2002), can reveal very weak nuclear activity in
galaxies, even with brief exposures (∼ks; e.g., Ho et al.
2001; Gallo et al. 2008; Miller et al. 2012). Desroches &
Ho (2009) performed the first dedicated search for low-
mass black holes with Chandra and detected 17 candi-
dates from 64 late-type spirals. Later on, cross-matching
nearby dwarf galaxies with Chandra and XMM-Newton
catalogs of X-ray point-like sources increased the sam-
ple size to ∼93 (Lemons et al. 2015; Pardo et al. 2016;
Nucita et al. 2017). Using stacked Chandra images,
Mezcua et al. (2016) revealed a population of low-mass
black holes that are too faint to be detected individually
in dwarf galaxies. The hard X-ray NuSTAR observa-
tions of Chen et al. (2017), albeit of a small sample, also
suggested a non-negligible fraction of accreting low-mass
central black holes that may have been missed in optical
surveys.
Here we report the search of low-mass black holes from
an even larger sample of nearby late-type galaxies. We
have recently conducted an X-ray survey of a large sam-
ple of nearby galaxies. The main goals of this survey,
described in She et al. (2017, hereafter Paper I), are to
systematically search for and study AGNs in all galaxies
within 50 Mpc contained in the Chandra archives ob-
served with ACIS. The sample contains 719 galaxies,
of which 314 are identified as AGN candidates by the
cross-correlation of X-ray point-like sources and the near-
infrared or optical stellar nuclei of these galaxies. The
technical details of the survey and the X-ray properties
of the AGN candidates are presented in Paper I. With
2−10 keV luminosities less than 1042 erg s−1 for most ob-
jects, these sources occupy the regime of low-luminosity
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AGNs (for a review, see Ho 2008)
This paper focuses on the identification of a popula-
tion of previously hidden AGNs in the centers of late-
type, mostly bulgeless galaxies previously classified as
H ii nuclei in optical surveys. Most of them have very
low luminosities and are mostly likely associated with
low-mass black holes. Unlikely their optically identified
counterparts (e.g., Greene & Ho 2004, 2007; Dong et al.
2012; Reines et al. 2013), this X-ray–selected population,
having significantly lower accretion rates, is much more
numerous, allowing us to establish a new, firmer esti-
mate of the occupation fraction of low-mass black holes
in the nearby universe. For completeness, the paper also
addresses the overall demographics of AGNs in the full
sample of nearby galaxies, which covers a broad range of
Hubble types.
Section 2 gives a brief introduction of the sample and
measurements. Section 3 presents the detection rates
of X-ray AGN candidates in different kinds of galaxies
and their possible dependence on the presence of a large-
scale bar. Black hole masses and Eddington ratios are
estimated in Section 4. Section 5 highlights the proper-
ties of X-ray AGN candidates associated with H ii nuclei.
We summarize our results in Section 7.
2. SAMPLE AND DATA ANALYSIS
Paper I gives a detailed description of the sample and
data reduction. Here we just give a brief summary of
the most important aspects. The sample is assembled
based on the full list of Chandra imaging observations,
with both ACIS-S and ACIS-I, as of March 2016. All
Chandra-observed galaxies with a distance of less than
50 Mpc were included in our sample, resulting in a total
of 719 galaxies.
The Hubble types of the galaxies come from the
NASA/IPAC Extragalactic Database (NED),4 which are
taken largely from the Third Reference Catalogue of
Bright Galaxies (RC3; de Vaucouleurs et al. 1991). A
total of 285 galaxies have a large-scale bar structure
(with Hubble type SAB or SB). Optical nuclear spec-
tral classifications are available for 249 galaxies from the
Palomar spectroscopic survey of bright, northern galax-
ies (Ho et al. 1995, 1997c). Nuclear spectral classifica-
tions for another 44 galaxies are found in the catalog
of Ve´ron-Cetty & Ve´ron (2010). For the 125 galaxies
whose spectral classifications are not included in these
two catalogs, we performed our own classification using
optical emission-line ratios. Methods of spectral fitting
and classification can be found in Paper I. To summa-
rize: 418 out of 719 galaxies in our sample have an op-
tical nuclear spectral classification (for a review see Ho
2008), including 59 Seyferts, 66 low-ionization nuclear
emission-line regions (LINERs; Heckman 1980), 41 tran-
sition objects (emission-line nuclei with [O i] strengths
intermediate between those of H ii nuclei and LINERs;
see Ho et al. 1993), 163 H ii nuclei, and 89 absorption-
line nuclei (those without emission lines).
Point-like X-ray sources are detected using CIAO task
wavdetect, and then AGN candidates are identified by de-
tection of an X-ray core astrometrically coincident with
the near-infrared/optical position of the galaxy nucleus,
taking various errors into account. This results in 314 X-
4 http://ned.ipac.caltech.edu
ray AGN candidates, of which 228 are located in the sky
plane less than 1′′ from the near-infrared/optical nucleus.
X-ray spectral fitting is conducted for AGN candidates
with enough photons; otherwise, hardness ratios are ob-
tained to characterize the shape of the spectrum. The
X-ray luminosity in the 2−10 keV band of each AGN
candidate is derived from spectral fitting if available, or
from count rates otherwise. For 250 objects, Eddington
ratios are calculated based on black holes masses derived
from the MBH − σ relation5 (Kormendy & Ho 2013, as
supplemented in Paper I).
3. DEMOGRAPHICS OF AGNS
The numbers of galaxies and AGN candidates as a
function of Hubble type are shown in Table 1 and in
Figure 1 (left), which also displays the X-ray core de-
tection rate with a 90% error range for each type. For
early-type galaxies (E−Sbc), the X-ray core detection
rate is as high as ∼60% (250/434), whereas for late-type
galaxies (Sc−Im), the X-ray core detection rate drops
to ∼25% (54/212). For galaxies with a Hubble type of
Sm−Im, at the extreme end of the late-type sequence, the
fraction is less than 10%. The X-ray core detection rate
in all galaxies is 43.7%. These AGN detection rates are
broadly consistent with those derived from optical spec-
troscopic observations (Ho et al. 1997d; Ho 2008), which
reported AGN fractions of 50%−70% in early-type galax-
ies and ∼15% in late-type systems. There appears to be
a slight overabundance of X-ray AGN candidates among
Sc−Sdm galaxies (see Table 1) compared to optical AGN
detection rate found in the Palomar survey. X-ray ob-
servations are more sensitive to weak AGNs than optical
observations. The results in this work largely confirm the
findings of former X-ray investigations (Ho 2008, 2009;
Desroches & Ho 2009; Zhang et al. 2009; Grier et al.
2011). Compared to previous similar X-ray studies, this
work targets a much larger sample of galaxies and uti-
lizes high-quality, high-resolution Chandra data, which
were uniformly analyzed. We also perform a more com-
prehensive analysis on position errors, which is critical
to evaluate whether any given compact X-ray source is
likely to be associated with the nucleus of the galaxy.
Out of the 418 galaxies with reliable optical spectral
classifications, 243 (58%) have an X-ray AGN candidate.
The X-ray AGN detection rate corresponding to each
optical spectral classification is shown in Table 2 and in
Figure 1 (right). The frequency of X-ray AGNs is high in
optical-selected Seyferts and LINERs, >90% for type 1
(broad-line) and ∼80% for type 2 (narrow-line) sources.
About 70% of the transition objects contain an X-ray
nucleus. Pure H ii nuclei have the lowest detection rate
of X-ray counterparts, but still > 30%. Approximately
60% of absorption-line nuclei harbor an X-ray AGN can-
didate. These results are broadly consistent with those
in Ho (2008) and Zhang et al. (2009). For all X-ray
AGN candidates with an optical spectral classification,
21% are Seyferts (7% type 1 and 14% type 2), 24% are
LINERs (7% type 1 and 17% type 2), 12% are transition
objects, 21% are H ii nuclei, and 22% are absorption-line
nuclei. As a result, more than 40% of X-ray AGN candi-
5 The MBH − σ relation we used in Paper I is
log[MBH/(10
9 M)] = −(0.68 ± 0.05) + (5.20 ±
0.37) log[σ/(200 km s−1)].
Central Black Holes in Late-type Galaxies 3
TABLE 1
AGN numbers and detection rates as a function of Hubble type
Type All Galaxies Unbarred Galaxies Barred Galaxies
NG NA Rate (%) NG NA Rate (%) NG NA Rate (%)
E 142 80 56+6−6 · · · · · · · · · · · · · · · · · ·
S0 126 70 55+7−7 37 26 69
+11
−12 51 27 52
+11
−11
S0/a-Sab 71 47 65+8−9 22 17 75
+12
−15 38 24 62
+12
−12
Sb-Sbc 95 53 55+8−8 29 16 54
+14
−14 60 35 58
+10
−10
Sc-Scd 100 39 39+8−7 34 10 30
+13
−11 58 29 50
+10
−10
Sd-Sdm 52 10 20+9−8 11 4 38
+22
−20 37 6 17
+10
−8
Sm-Im 60 5 9+6−5 4 2 50
+31
−31 40 2 7
+7
−5
I0 6 4 62+24−28 · · · · · · · · · · · · · · · · · ·
pec 6 1 25+27−19 · · · · · · · · · · · · · · · · · ·
Unknown 61 5 9+6−5 · · · · · · · · · · · · · · · · · ·
All 719 314 43+3−3 137 75 54
+6
−6 284 123 43
+4
−4
Note. — The number of galaxies and AGN candidates in different bins of Hubble type,
for all galaxies, galaxies without a bar (SA), and galaxies with a bar (SAB and SB). NG
is the number of galaxies, and NA is the number of AGN candidates. For AGN detection
rates, the errors are given at a 90% confidence level.
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Fig. 1.— Number of galaxies (open histograms), number of X-ray
AGNs (hatched histograms), and the fraction of AGNs (blue dots
with 90% errors) as a function of the galaxy Hubble type (left) and
optical nuclear spectral classification (right).
dates (H ii and absorption-line nuclei) in this work were
previously completely missed in optical surveys.
It is worth noting that, most of absorption-line nuclei
are early-type galaxies (77/89 are ellipticals and lentic-
ulars), all of which should harbor a central black hole
(Kormendy & Ho 2013). The dearth of cool gas in these
galaxies presumably leads to very low mass accretion
rates for their central black holes, resulting in very low
accretion-powered luminosities and consequently unde-
tected optical line emission, especially in the presence
of strong contamination by host galaxy starlight. For
the 16 Seyferts and LINERs without a detection of an
X-ray core, the most likely culprit is sensitivity. The ex-
TABLE 2
AGN numbers and detection rates as a
function of optical spectral classification
Spectral Class Galaxies AGNs Rate (%)
Seyfert 1 19 18 90+7−12
Seyfert 2 40 34 83+8−10
Seyfert 1 and 2 59 52 86+6−7
LINER 1 16 16 94+5−10
LINER 2 50 41 80+8−9
LINER 1 and 2 66 57 85+6−7
Transition 41 28 67+11−12
H ii nucleus 163 51 31+6−5
Absorption-line 89 55 61+8−8
All 418 243 58+3−3
Note. — Errors are quoted at 90% confidence
level.
posure time is less than 6 ks for most of them (10/16),
and for 13 of them the 3σ upper limit of the X-ray lumi-
nosity in 2−10 keV is higher than 1038 erg s−1. For
those having Hα measurements, the 10−90 percentile
range of their X-ray (upper limit) to Hα luminosity ra-
tios is 0.2−10, consistent with 0.3−100 for X-ray detected
Seyferts and LINERs in the same percentile range. One
object, NGC 4625, has a long exposure (∼55 ks) and a
stringent X-ray upper limit of 1036.5 erg s−1. We note
that for this object, the spectroscopic classification from
Ve´ron-Cetty & Ve´ron (2010) may be questionable. In
Moustakas et al. (2010), it was classified as a star-forming
nucleus based on the [N ii]/Hα ratio alone. The situ-
ation for H ii nuclei or transition objects is difficult to
say. As many or most of these objects—especially the
H ii nuclei—reside in late-type or even bulgeless galax-
ies, they may very well lack a central black hole, and
hence no X-ray core is expected in them.
3.1. The Influence of Bars
Among disk galaxies, those without a bar have a
marginally higher detection rate of AGN candidates com-
pared to barred (SAB or SB) systems: 54+6−6% versus
43+4−4%. This is the exact opposite of what is expected,
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Fig. 2.— AGN detection rates for unbarred (SA; black) and
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confidence level.
if bars, as often supposed (e.g., Heller & Shlosman 1994;
see a review in Kormendy & Kennicutt 2004), help de-
liver gas to the center of a galaxy. However, when study-
ing the possible correlations between nuclear activity and
a large-scale bar, the dependence of bar frequency on
Hubble type should be taken into account, as bars are
more prevalent in late-type spirals. To account for this
effect, we compare the X-ray AGN detection rates and
their uncertainties (given at a 90% confidence level) of
barred and unbarred galaxies separated by Hubble type
(Figure 2; Table 1). For galaxies with Hubble types
S0−Sab or Sd−Im, the X-ray AGN detection rates are
slightly higher for unbarred galaxies than barred galax-
ies, whereas for Hubble types Sb−Scd, unbarred galax-
ies have marginally lower X-ray AGN rates than barred
galaxies. We note that the error bars in Figure 2 are rela-
tive large, and any apparent differences in AGN fractions
for barred and unbarred are not statistically significant.
We find no compelling evidence that bars influence AGN
activity, at least not within the context of the current
sample of mostly low-luminosity sources in nearby galax-
ies. Similarly, Ho et al. (1997a) found that bars have a
negligible effect on optically-selected AGN activity in the
Palomar sample.
4. BLACK HOLE MASS AND EDDINGTON RATIO
Paper I describes our methodology for deriving black
hole masses (MBH), X-ray luminosities (LX; 2−10 keV),
and Eddington ratios (λEdd ≡ CX· LX/LEdd; CX = 16
adopted). The statistics of these properties are summa-
rized in Table 3 for the sample as a whole, as well as for
various subgroups divided by Hubble type and optical
spectral classification. Figure 3 plots the distributions of
MBH and λEdd.
The 2−10 keV X-ray luminosities of the AGN can-
didates in this work lie in the range LX ≈ 1036 −
1043 erg s−1, with a median value of 1039.3 erg s−1 (Ta-
ble 3), which indicates most of these AGN candidates
are in the regime of low-luminosity AGNs. The most
luminous of the nuclei are found in early-type spirals,
whereas galaxies with Hubble types Sc and later have
the least luminous nuclei. Seyferts and LINERs are more
luminous than H ii nuclei, and LX decreases along the se-
quence Seyferts → LINERs → transition objects → H ii
nuclei. This result, drawn entirely from our new X-ray
measurements, mirrors the activity sequence proposed by
Ho (2009), which was based on Hα luminosities and a set
of largely independent X-ray data.
As previously noted (Ho 2008, 2009; Gallo et al. 2010;
Miller et al. 2012), the nuclei of nearby galaxies gener-
ally exhibit an inverse correlation between the Edding-
ton ratio and black hole mass (Figure 3). This is due, in
part, to the fact that black holes with higher mass can
be detected more easily. The black hole masses in this
work cover a very large range, from ∼ 3× 103 to 9× 109
M with a median value of 7 × 107 M. As expected,
late-type (Sc and later) galaxies have the smallest black
hole masses, while elliptical galaxies have the largest. As
the majority of late-type galaxies have a spectral clas-
sification (if available) of H ii nuclei, it is not surpris-
ing that H ii nuclei have the smallest black hole masses,
while LINERs and absorption-line nuclei occupy the up-
per end of the mass distribution. We note that the un-
certainties of the black hole mass estimates, derived from
the MBH − σ relation, can be considerable. Kormendy
& Ho (2013) show that classical bulges and ellipticals
obey a tight MBH − σ relation with an intrinsic scatter
of only 0.28 dex. By contrast, the MBH − σ relation of
pseudobulges—those with a protracted evolutionary his-
tory driven by secular, internal processes—exhibits much
larger scatter and a significantly lower zero point com-
pared to classical bulges (see also Greene et al. 2016). A
practical difficulty we face is that the vast majority of the
galaxies in our sample lack reliable bulge classifications,
and hence we cannot use a bulge-type–specific MBH − σ
relation to estimate black hole masses. Under these cir-
cumstances, we have little choice but to derive a single
MBH− σ relation for all bulge types (pseudobulges com-
bined with classical bulges and ellipticals), which has a
larger intrinsic scatter of 0.44 dex (Paper I). As the typi-
cal uncertainty of the bulge stellar velocity dispersions is
only 5%–15% (Ho et al. 2009), the final uncertainties of
the black hole masses are dominated by the intrinsic scat-
ter of the MBH − σ relation. Moreover, because the zero
point of the MBH − σ relation of pseudobulges is lower
than that of classical bulges and ellipticals, using a single,
combined MBH − σ relation will tend to systematically
overestimate the black hole masses for pseudobulges and
bulgeless galaxies, while ellipticals and classical bulges
will have their black hole masses systematically under-
estimated. Conversely, Eddington ratios will be under-
estimated in pseudobulges but overestimated in classical
bulges and ellipticals.
The Eddington ratios spread over an even larger dy-
namic range, from ∼ 10−8 to ∼ 0.7 , with a median
value of ∼ 7 × 10−6. Our sample contains predomi-
nantly black holes accreting at extremely sub-Eddington
rates. The AGN candidates in ellipticals, having the
most massive black holes, exhibit the lowest values of
λEdd, whereas late-type galaxies (Sc and later) have
relatively higher λEdd as a result of their lower black
hole masses. Among objects traditionally recognized to
host black holes, at a given black hole mass, Seyferts,
as a class, have the highest Eddington ratios (median
10−3.2), followed by LINERs and transition objects (me-
dian ∼ 10−5.3), and then absorption-line nuclei (median
10−6.3). The AGN candidates newly identified in H ii nu-
clei, with median λEdd= 10
−4.1, lie in between Seyferts
and LINERs/transition objects.
Apart from the new population of AGN candidates in
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TABLE 3
AGN Candidate Statistics
Sample log MBH (M) log LX (erg s−1) log λEdd
N Median Min Max N Median Min Max N Median Min Max
All 250 7.83 3.45 9.95 314 39.26 35.94 43.11 250 −5.18 −7.97 −0.16
E 75 8.55 4.84 9.61 80 39.08 35.94 41.60 75 −6.17 −7.96 −3.24
S0 64 8.07 5.58 9.95 70 39.27 36.56 42.71 64 −5.65 −7.57 −1.79
S0/a-Sab 35 7.64 6.35 8.80 47 39.50 38.45 43.11 35 −4.35 −6.67 −1.08
Sb-Sbc 40 7.12 5.59 8.55 53 39.98 36.88 42.36 40 −4.35 −7.97 −0.16
Sc-later 31 5.64 3.45 8.10 54 38.92 36.79 42.04 31 −3.78 −5.32 −1.02
Seyfert 44 7.54 4.03 9.16 52 40.61 37.87 43.11 44 −3.22 −7.39 −0.16
LINER 51 8.26 6.39 9.46 57 39.56 38.02 41.60 51 −5.37 −7.03 −3.55
Transition 28 7.84 3.45 8.95 28 39.17 37.56 41.62 28 −5.32 −6.74 −1.69
H ii 35 6.32 3.48 8.69 51 38.87 36.56 41.05 35 −4.14 −6.03 −1.23
Absorption-line 49 8.27 4.84 9.95 55 38.98 35.94 40.91 49 −6.34 −7.97 −3.24
Note. — Black hole masses are estimated from the MBH − σ relation (see details in Paper I). LX is the X-ray
luminosity in the 2−10 keV band. Eddington ratios (λEdd) are based on the X-ray luminosity and a bolometric
correction factor of CX=16.
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Fig. 3.— Distributions of MBH and λEdd for galaxies binned by Hubble type and spectral classification.
H ii nuclei, the results above are broadly consistent with
those previously obtained from optical observations (Ho
et al. 1997d, 2003). Ho (2009), using a compilation of
more heterogeneous and generally less sensitive X-ray
measurements from various literature sources, also de-
rived very similar statistical results for the X-ray lumi-
nosities and Eddington ratios of the galaxies in the Palo-
mar survey. This investigation, however, represents a
significant improvement in sample size and data quality,
as all of the X-ray data come from Chandra/ACIS obser-
vations. It is clear that—with sufficiently high sensitivity
and angular resolution—X-ray observations allow us to
detect nuclear accretion at much lower levels of activity
than possible by optical techniques. In this work, for
AGN candidates in H ii and absorption-line nuclei, the
median value of X-ray luminosity is LX' 1038.9 erg s−1,
which corresponds to LHα' 1037.8 erg s−1,6 about an
order of magnitude lower than the median LHα for the
Palomar objects (Ho et al. 1997d, ∼ 1038.6 erg s−1).
In addition to sheer sensitivity, Chandra/ACIS observa-
tions, which have the unique capability of “filtering out”
most of the contamination from host galaxy starlight,
also afford more reliable detections of faint AGNs, which
can be easily masked or confused by dust and star-
forming regions at other wavelengths. This is well il-
lustrated in Figure 4 (see also Ho et al. 2001). The next
section highlights a population of AGN candidates that
was previously hidden among optically classified H ii nu-
clei.
6 Low-luminosity AGNs have a bolometric correction of Lbol'
220LHα' 16LX (Ho 2008)
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5. AGNS CANDIDATES IN H ii NUCLEI
H ii nuclei, those whose dominant source of excitation
derives from photoionization by young, massive stars, are
extremely prevalent. The Palomar optical spectroscopic
survey of nearby galaxies found that 40% of all nearby
galaxies host an H ii nucleus, and for late-type galax-
ies the fraction is even higher, reaching 80% (Ho et al.
1997c,d). Compared to H ii regions in galactic disks,
however, H ii nuclei exhibit systematically stronger low-
ionization optical forbidden lines, suggesting that they
contain an extra source of excitation not present in nor-
mal star-forming regions (Kennicutt et al. 1989; Ho et al.
1997b). While Kennicutt et al. (1989) suggested that
the additional excitation may come from a hidden AGN,
Ho et al. (1997b) argued that shocks are more likely, al-
though they noted that X-ray observations would be ef-
fective in uncovering optically hidden AGNs, should they
be present.
This work confirms that a significant fraction—31%
(51/163)—of optically classified H ii nuclei have an X-
ray core. The general and X-ray properties of this spe-
cial subsample of AGN candidates are listed in Table 4.
To highlight the morphology of the host galaxies, we as-
sembled the highest available resolution optical (B band
if available, other bands otherwise) images from NED.
These are displayed in Figure 4, superposed with the
Chandra/ACIS view of the central 15′′×15′′ area to illus-
trate the clear association of the compact X-ray core with
the stellar nucleus. The very late-type morphologies of
the host galaxies are immediately obvious, as is the fact
that many of them clearly lack a bulge altogether. Fig-
ure 5 examines the Veilleux & Osterbrock (1987) optical
line-intensity ratio diagnostic diagrams for the sample of
H ii nuclei included in this study. It is interesting that
the subset with detected X-ray cores do not show pref-
erentially enhanced low-ionization lines of [N ii], [S ii], or
[O i]. Thus, while some H ii nuclei do harbor optically
hidden AGNs, they are sufficiently weak that they do
not contribute significantly to the ionization budget of
the optical line emission, and, in particular, they do not
appear to be the primary cause for the excitation en-
hancement reported by Kennicutt et al. (1989) and Ho
et al. (1997b).
Although we are cautious to call these “candidate”
AGNs, we have good reason to believe that this is the cor-
rect interpretation. With a median 2−10 keV luminosity
of ∼ 8×1038 erg s−1, 90% of the AGN candidates in H ii
nuclei exceeds 1038 erg s−1. X-ray binaries associated
with a potential nuclear star cluster may contaminate
our AGN candidates. On the one hand, the luminosity
function of low-mass X-ray binaries (LMXBs) shows a
sharp cutoff at a few times 1038 erg s−1 and will have
few sources above 1039 erg s−1 (Gilfanov 2004), suggest-
ing that most of the sources above 1039 erg s−1 cannot be
LMXBs. On the other hand, the typical age of ∼108−9 yr
for nuclear star clusters (Rossa et al. 2006) is too old to
form high mass X-ray binaries (HMXBs), which could
reach ∼1040 erg s−1 (Swartz et al. 2011), unless there is
ongoing star formation. For the latter reason, Desroches
& Ho (2009) argued that the HMXB contamination to
the nuclear X-ray sources is negligible, and only the con-
tribution from LMXBs is considered. Here, to be conser-
vative, we estimate both contributions to the detected
X-ray cores.
For HMXBs, their luminosity function scales with
the star formation rate (Mineo et al. 2012), which it-
self depends on the Hα luminosity, SFR ≈ 10−41.27×
LHα (erg s
−1) M yr−1(Kennicutt & Evans 2012). Out
of the 163 H ii nuclei, 90 of them have LHα measure-
ments. For galaxies in Mineo et al. (2012), H ii regions
contribute ∼55% of the total LHα emission (Greenawalt
et al. 1998; Hoopes et al. 1999; Thilker et al. 2002), and
only ∼10% of HMXBs (in 1038−1040 erg s−1) are coinci-
dent with H ii regions (with position offsets less than 1′′).
As the H ii nuclei have Hα luminosities not too different
from that emitted by other H ii regions in the optical disk
of these galaxies, we use LHα/0.55 to correct for the total
Hα luminosity in the whole galaxy, and renormalize the
HMXB luminosity function by a factor of 0.1 to account
for their association with the nuclear H ii region.
For LMXBs, their luminosity function is scaled with
the total stellar mass. We treat nuclear clusters as glob-
ular clusters, as they share remarkably similar properties
(Walcher et al. 2005). It is known that the LMXB pro-
duction rate per unit stellar mass in globular clusters is
roughly 100 times more efficient than in the field (Clark
1975; Peacock et al. 2017). Moreover, metal-rich globular
clusters are known to produce more LMXBs than metal-
poor ones, roughly by a factor of 3 (Kundu et al. 2007;
Kim et al. 2013). The metallicities of nuclear clusters
in late-type galaxies are found to be similar to those of
metal-rich clusters (Brodie & Strader 2006; Rossa et al.
2006). Thus, we take the LMXB luminosity function in
globular clusters from Kim et al. (2009) and the normal-
ization from Peacock et al. (2017) as 0.11 LMXB with
LX> 2 × 1037 erg s−1 per 106 M for metal-rich glob-
ular clusters. The typical mass for the nuclear clusters
in our sample (∼ 2 × 106 M) is estimated from the 39
objects that are also shown in Georgiev et al. (2016).
The expected luminosity functions for both HMXBs and
LMXBs are shown in Figure 6.
Those constitute strong evidence that, in general,
∼40% of the X-ray cores may be contaminated by X-ray
binaries in the luminosity range of 1038–1039 erg s−1,
and at luminosities above 1039 erg s−1 the contamina-
tion drops to 8%. The total contamination at luminosi-
ties of 1038 erg s−1 or higher is 26%. Thus, the major-
ity of the X-ray cores should be previously unrecognized
low-luminosity AGNs, especially at luminosities above
1039 erg s−1.
The ratios of LX/LHα for the AGN candidates in H ii
nuclei (with a median value of 0.3; see Figure 7) are con-
siderably lower than those of other AGN candidates in
Seyferts, LINERs or transition objects, which have a me-
dian LX/LHα ≈ 5. A simple explanation for this order-
of-magnitude difference in LX/LHα is that the majority
(> 90%) of the Hα emission from these H ii nuclei—as ex-
pected, given their optical classification—does not come
from AGN photoionization but from star-forming activ-
ity. The integrated optical emission from star-forming re-
gions vastly overwhelm the weak AGN signal from these
relatively low-mass central black holes.7
7 Most of the optical classifications derive from observations from
the Palomar (Ho et al. 1995) or 6dF (Jones et al. 2009) surveys,
which employed an aperture size much larger than that of the X-ray
observations. The Palomar spectra were mostly extracted using a
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TABLE 4
Properties of AGN Candidates in H ii Nuclei
Name Hubble Type log MBH log LHα Model Γ NH log LX
(M) (erg s−1) (1022 cm−2) (erg s−1)
IC 342 SAB(rs)cd 6.07+0.32−0.38 38.11 PL+VME 1.92
+0.21
−0.25 · · · 38.38+0.05−0.05
M 61 SAB(rs)bc 6.35+0.08−0.08 39.93 PL+ME 1.53
+0.46
−0.71 · · · 38.91+0.37−0.32
M 101 SAB(rs)cd 3.48+0.71−1.04 39.14 PL 1.88
+0.20
−0.20 · · · 38.07+0.14−0.16
NGC 45 SA(s)dm · · · · · · · · · · · · <1.60 37.22+0.54−0.67
NGC 891 SA(s)b? 6.04+0.29−0.34 38.85L · · · · · · 9.04+17.31−2.89 38.38+0.67−0.37
NGC 922 SB(s)cd pec · · · · · · · · · · · · <0.24 39.02+0.28−0.40
NGC 925 SAB(s)d 6.00+nan−nan 38.36 · · · · · · <0.45 38.75+0.35−0.46
NGC 1073 SB(rs)c 3.60+0.68−0.98 38.36 · · · · · · 0.57+0.83−0.54 39.27+0.40−0.37
NGC 1370 cD? 5.96+0.08−0.08 · · · · · · · · · <0.52 38.73+0.40−0.52
NGC 1493 SB(r)cd · · · · · · · · · · · · <0.32 38.41+0.26−0.36
NGC 1603 E? 7.03+0.10−0.10 · · · · · · · · · <0.13 38.99+0.30−0.43
NGC 1637 SAB(rs)c · · · · · · PL 3.01 · · · 38.27+0.23−0.31
NGC 1808 (R)SAB(s)a 7.64+0.14−0.15 · · · PL+VME 0.74+0.31−0.39 · · · 39.50+0.10−0.10
NGC 2276 SAB(rs)c 6.34+0.24−0.27 40.83 · · · · · · <0.02 38.87+0.26−0.36
NGC 2500 SB(rs)d 5.04+0.87−1.43 38.00 · · · · · · <0.83 38.17+0.61−0.40
NGC 2748 SAbc 6.32+0.21−0.23 39.99 · · · · · · <0.35 38.32+0.30−0.43
NGC 2782 SAB(rs)a pec 8.11+0.11−0.12 41.51 PABS*PL+ME+G 0.55
+0.42
−0.43 54.27
+122.70
−37.43 41.05
+0.66
−0.37
NGC 2798 SB(s)a pec 7.01+0.48−0.60 · · · PL+ME 2.62+0.25−0.25 · · · 39.56+0.12−0.15
NGC 2993 Sa pec · · · · · · PL+ME 1.37+0.33−0.28 <0.14 40.03+0.11−0.12
NGC 3077 I0 pec 4.20+0.87−1.43 38.93 PL 1.69
+0.66
−0.57 1.42
+0.92
−0.68 38.22
+0.08
−0.09
NGC 3184 SAB(rs)cd 4.85+0.42−0.52 39.72 · · · · · · <0.54 37.94+0.39−0.26
NGC 3198 SB(rs)c 5.00+0.39−0.47 39.62 · · · · · · <0.95 38.76+0.34−0.27
NGC 3310 SAB(r)bc pec 6.35+0.03−0.03 40.53 PL 1.41
+0.16
−0.15 0.44
+0.10
−0.09 40.25
+0.04
−0.04
NGC 3367 SB(rs)c 5.64+0.34−0.41 41.34 PL+ME 0.98
+0.16
−0.15 · · · 40.71+0.06−0.06
NGC 3521 SAB(rs)bc 7.35+0.12−0.13 39.10b PL 1.92
+0.65
−0.48 <0.64 38.92
+0.13
−0.15
NGC 3665 SA00(s) 8.69+0.09−0.09 39.75b · · · · · · <0.75 39.70+0.37−0.24
NGC 3877 SA(s)c? 6.41+0.23−0.26 40.29 · · · · · · <0.11 37.99+0.29−0.40
NGC 4038 SB(s)m pec · · · · · · · · · · · · <0.06 38.22+0.28−0.38
NGC 4102 SAB(s)b? 8.00+0.12−0.13 41.50 PL+ME+G 1.52
+0.50
−0.49 · · · 40.47+0.19−0.24
NGC 4136 SAB(r)c 4.58+0.46−0.58 38.30 · · · · · · 1.01+1.27−0.81 38.14+0.49−0.42
NGC 4194 IBm pec 6.83+0.49−0.62 · · · PL+VME 1.44+0.42−0.42 <0.66 40.32+0.09−0.10
NGC 4217 Sb 6.54+0.11−0.11 38.84 · · · · · · 2.59+2.39−1.47 38.45+0.52−0.55
NGC 4490 SB(s)d pec 4.95+0.41−0.50 38.83 PL 2.40
+0.18
−0.17 0.92
+0.13
−0.11 39.63
+0.04
−0.04
NGC 4526 SAB00?(s) 8.45+0.09−0.09 39.61 PL 1.10
+0.31
−0.16 <0.13 39.33
+0.10
−0.12
NGC 4559 SAB(rs)cd 5.14+0.36−0.43 38.58 · · · · · · <0.59 38.23+0.47−0.27
NGC 4561 SB(rs)dm · · · · · · PL 1.45 · · · 39.56+0.33−0.18
NGC 4654 SAB(rs)cd 5.07+0.39−0.47 39.97 · · · · · · <1.49 39.44+0.48−0.44
NGC 4666 SABc? · · · · · · · · · · · · <1.09 39.04+0.49−0.38
NGC 4670 SB0/a(s) pec? · · · · · · · · · · · · <0.76 39.28+0.38−0.27
NGC 4900 SB(rs)c 5.54+0.32−0.38 39.48L · · · · · · <0.62 38.52+0.55−0.28
NGC 5102 SA0− · · · · · · · · · · · · <0.68 36.56+0.49−0.30
NGC 5248 SAB(rs)bc 6.73+0.20−0.22 39.76 · · · · · · <0.77 38.15+0.53−0.54
NGC 5253 pec · · · · · · · · · · · · <0.01 36.90+0.25−0.33
NGC 5483 SA(s)c · · · · · · · · · · · · <1.14 39.03+0.42−0.33
NGC 5775 SBc? 6.75+0.16−0.17 39.54 · · · · · · <1.00 38.62+0.39−0.32
NGC 6764 SB(s)bc · · · · · · PL+ME 1.82+0.31−0.36 · · · 40.05+0.08−0.10
NGC 6946 SAB(rs)cd 5.43+0.35−0.42 40.14 PL 2.23
+0.30
−0.27 0.58
+0.19
−0.17 38.83
+0.06
−0.07
NGC 7320 SA(s)d · · · · · · · · · · · · <0.86 38.40+0.35−0.26
NGC 7714 SB(s)b? pec 7.14+0.36−0.42 · · · PL 1.62+0.12−0.12 0.16+0.04−0.04 40.55+0.04−0.04
UGC 5720 Im pec? · · · · · · · · · · · · <0.01 39.14+0.24−0.32
UGCA 166 · · · · · · · · · PL 1.72+0.19−0.18 · · · 39.34+0.11−0.12
Note. — Column 1: Galaxy name. Column 2: Hubble type from NED. Column 3: Log of black hole masses
estimated using the MBH − σ relation. More details are in Paper I. Column 4: Extinction corrected Hα luminosity
from the Palomar survey (Ho et al. 1997c, 2003). The typical uncertianties is 10-30%, and the letters “b”,“c”,“L”
and “u” indicate an uncertainty of 30-50%, 100%, a 3σ lower limit, and a 3σ upper limit, respectively. Column 5:
Spectral fitting models, see Paper I for details. Here “PL”,“ME”,“VME”,“PABS”,“BB”,“G” denote for a powerlaw,
mekal, vmekal, pcfabs, bbody, and gaussian (for iron Kα line) component in XSPEC, respectively. Column 6: Photon
index Γ. Column 7: Intrinsic absorption from spectral fitting or hardness ratio otherwise. Column 8: X-ray luminosity
in 2-10 keV band.
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641" 193" 865" 255"
404" 58" 314" 146"
46" 104" 23" 119"
Fig. 4.— Optical and Chandra/ACIS images (upper right corner) of AGN candidates in H ii nuclei. The horizontal segment in the bottom
left corner of each panel represents a scale of 1
2
D25 from RC3, and each X-ray image subtends 15′′ × 15′′, smoothed with a Gaussian of
σ = 1 pixel in ds9. The cross marks the near-infrared/optical nuclear position, and the green ellipse in the X-ray image is the source region
given by wavdetect. North is up and east is to the left.
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Fig. 4 (Continued)
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Fig. 4 (Continued)
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Fig. 5.— Optical emission-line flux ratio diagnostic diagrams for the sample of H ii nuclei in this study (upper panels) and histogram of
strength of low-ionization lines (lower panels).
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Fig. 6.— LX distributions of AGN candidates in H ii nuclei and
expected X-ray luminosity function of HMXBs and LMXBs.
An important advantage of our study is that a siz-
able portion of our sample has enough counts to en-
able X-ray spectral analysis, and hence we can evalu-
ate whether the X-ray sources have spectral properties
consistent with other know low-luminosity AGNs (e.g.,
Ho 2008). Of the 21 (41%) of AGN candidates asso-
ciated with H ii nuclei for which we could analyze us-
ing XSPEC, 11 can be well fitted with a single, absorbed
power-law, nine requires a thermal component (mekal),
and one (NGC 2782) requires a partially covered absorp-
tion component (pcfabs). Except for NGC 2782, 60% of
the photon indices are in the range 1.4−2.0 with a typical
value of of 1.7, which is only marginally flatter than the
typical value for low-luminosity AGNs (Ho 2008). Two
sources (NGC 2782 and NGC 4102) show an iron Kα
emission line.
Lastly, timing analysis can, in principle, yield addi-
tional constraints on the physical origin of the X-ray
emission. Unfortunately, due to the low count rates
and short durations of most of the observations, the
evidence based on timing is inconclusive. We searched
for variability on short timescales for the 11 sources in
the sample with more than 500 photons in the 0.3−8
keV band. We analyzed their light curves with a time
bin of 2000 s and calculated the χ2/dof for each light
curve by assuming a constant count rate. Based on
these light curves, the normalized excess variance (σ2NXS;
Vaughan et al. 2003) are also calculated. Only one ob-
ject, NGC 3310, shows significant short timescale vari-
ability (χ2/dof=76/24, σNXS = 0.0305 ± 0.0133); for
other objects, only upper limits of σ2NXS can be given.
We also checked whether our Chandra data can detect
variability in some of the brighter,well-known AGNs in
our full sample (e.g., NGC 4261, NGC 5506, NGC 4945,
NGC 4051), whose short timescale variability has been
previously studied in. Some vary, but others do not. We
note that the count rate and the total duration of the
observations are crucial for searching for short timescale
variabilities. The vast majority of the archival Chandra
data we used simply cannot yield meaningful constraints
on X-ray variability.
6. IMPLICATIONS FOR LOW-MASS CENTRAL BLACK
HOLES
Most of the host galaxies of AGN candidates in H ii
nuclei have late types (28 out of the 51 have Hubble
types Sc−Im), whose bulge component, if it exists at
all, is certainly not dominant. The AGN candidates in
these H ii nuclei have the lowest median value of MBH
(∼ 2 × 106 M) compared to other spectral classes
(Seyferts, LINERs, transition objects and absorption-
line nuclei; see Table 3). As they occupy the low-mass
end of the mass distribution of central black hole, these
AGN candidates in H ii nuclei are very important for
understanding the overall demography of “seed” super-
massive black holes. Previous systematic searches for
low-mass (MBH < 10
6 M) black holes based on optical
selection (Greene & Ho 2004, 2007; Barth et al. 2008;
Dong et al. 2012; Reines et al. 2013; Moran et al. 2014)
were only sensitive to sources radiating at a significant
fraction of the Eddington limit. It is highly uncertain
whether these optically selected samples give an accu-
rate census of the incidence of low-mass black holes in
the nearby universe. This study, following the initial sug-
gestion by Desroches & Ho (2009) based on a Chandra
study of a much more limited sample of late-type galax-
ies, confirms that the true frequency of low-mass black
holes, dominated by objects accreting at sub-Eddington
rates, is significantly higher. Among the 51 detected
X-ray H ii nuclei, 46 of them have an X-ray luminosity
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Fig. 7.— Correlation of X-ray luminosity and extinction-
corrected Hα luminosity. The black open circles denote X-ray
AGN candidates, with upper limits marked by arrows. Among
the X-ray–detected galaxies, those classified optically as H ii nu-
clei are marked with green squares. The dashed lines represent
LX/LHα=100 and 1. The typical uncertainties of LX and LHα are
plot at the bottom right corner.
above 1038 erg s−1. Taking into account the contamina-
tion from X-ray binaries (∼26% above 1038 erg s−1), we
regard ∼21% as a reasonable lower limit on the true in-
cidence of AGNs in late-type galaxies, as the contamina-
tion by X-ray binaries (both LMXBs and HMXBs) very
likely has been overestimated, and some low-luminosity
AGNs are not detected due to our sensitivity limit.
7. CONCLUSIONS
We identified 314 AGN candidates out of 719 galaxies
within 50 Mpc (Paper I). In this work, we study the
demographics of AGNs in nearby galaxies, and reveal
∼50 hidden AGN candidates in H ii nuclei. The main
conclusions are summarized below.
1. In early-type galaxies, about 60%–70% of them are
found to have an AGN candidate, and this fraction drops
to less than 20% for very late-type galaxies (Sdm and
Sm). About 85% of Seyferts and LINERs show an X-
ray core. This fraction is ∼70% for transition objects
and ∼60% for absorption-line nuclei. 30% of H ii nuclei
have an X-ray core. We do not find a significant correla-
tion between the presence of a large-scale bar and AGN
activity.
2. The X-ray luminosity decreases in a sequence of
Seyferts → LINERs → transition objects → H ii nuclei.
Late-type spirals have the lowest luminosities.
3. In general, more massive black holes tend to display
a smaller Eddington ratio. At a given black hole mass,
the Seyferts have the highest Eddington level.
4. In 163 H ii nuclei, 51 out of them are identified to
have an X-ray core. Most of these X-ray sources are
not X-ray binaries. The morphology of these galaxies is
of late-type and most likely has no or very small bulges.
These objects are candidate low-mass black holes accord-
ing to the MBH − σ relation, suggesting that the black
hole occupation fraction in late-type galaxies is at least
∼21%.
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